pg/ml, and by other methods below the radioimmunoassay detection limit ( ! 10 pg/ml). At 6 h after LPS, CRH plasma levels increased significantly by 2.9 times, and in the proximal colon tended to decrease (-27.6 8 5.7%; p 1 0.05), while circulating levels were unchanged at 3 or 4 h. ACTH levels rose compared to control rats (135.3 8 13.8 vs. 101.4 8 6.0 pg/ml; p ! 0.05) 30 min after the increase in CRH, while at 3 or 6 h after LPS, the levels were not changed. Conclusion: Intraperitoneal LPS induces a delayed rise in plasma CRH levels associated with an elevation in ACTH plasma levels 30 min later, suggesting that under conditions of immune challenge, CRH of peripheral origin may also contribute to pituitary activation, as detected using the RAPID method of blood processing, which improves CRH recovery.
. Although these tissues can be potential sources of circulating CRH, earlier studies have indicated that CRH levels are either nondetectable in rats or low in human plasma [12] as assessed by radioimmunoassay (RIA). This could be due to peptide binding to CRH-binding protein [13] -whose expression has been originally identified in the plasma [14] and also in the brain [15] , liver [16] and placenta [17] -or due to difficulties in detection procedures related to peptide processing, degradation or loss. Alternatively, CRH may act as a paracrine hormone near its site of synthesis and therefore never reach meaningful levels in the blood [18] .
We recently established a new method for blood processing, termed RAPID, which uses reduced temperatures, acidification, protease inhibition, isotopic exogenous controls and dilution of blood. The RAPID method improves recovery and eliminates breakdown for most of the gut peptides tested [19] . Therefore, we first assessed whether the RAPID method would also improve the recovery of exogenous radiolabeled CRH added to blood in vitro compared to blood collected with EDTA only or followed by methanol extraction of the plasma as commonly performed in previous plasma assessments of CRH [14, [20] [21] [22] [23] [24] . To extend our findings to circulating CRH, we next assessed basal plasma CRH levels determined by RIA kit when trunk blood from naïve rats was processed according to the RAPID method or collected with EDTA and plasma subjected or not to methanol extraction. Next, we investigated whether peripheral injection of lipopolysaccharide (LPS) would influence circulating levels of CRH. LPS originating from Gram-negative bacterial cell walls is a well-established systemic immunological stressor stimulating the activity of the hypothalamic pituitary axis (HPA), resulting in increased hypothalamic CRH peptide levels and adrenocorticotropic hormone (ACTH) release [25, 26] . In addition to the brain, we recently established that LPS injected peripherally at a low dose upregulates CRH mRNA expression and immunoreactivity in the rat colon at 6 h after injection [4] . However, whether the upregulation of CRH tissue expression by LPS translates into changes in circulating CRH levels at this time period is unknown. Therefore, we performed a time course of changes in plasma CRH induced by LPS to give insight into its regulation by an immune challenge and whether this is associated with elevation of ACTH plasma levels. As a potential source of circulating CRH at the time of the maximal response induced by LPS, we also assessed changes in tissue content of CRH in the proximal and distal colon.
Materials and Methods

Animals
Adult male Sprague-Dawley rats (Harlan, San Diego, Calif., USA; body weight: 280-320 g) were group-housed under conditions of controlled illumination (12: 12-hour light/dark cycle), humidity and temperature (22 8 2 ° C) and maintained on standard rodent diet (Prolab RMH 2500; LabDiet; PMI Nutrition, Brentwood, Mo., USA) and tap water ad libitum. Animal care and experimental procedures followed institutional ethic guidelines and conformed to the requirements of the federal authority for animal research conduct and were approved by the animal research committees at Veterans Affairs Greater Los Angeles Healthcare System (No. 11084-03 and 99059-04).
Blood and Tissue Processing
Blood Processing. Blood collected as described in experimental protocols was transferred to EDTA-containing borosilicate glass tubes on ice and in parallel immediately, within 7-10 min, processed according to the 3 methods. The first set of samples was processed according to the RAPID method as detailed previously [19] . Briefly, the blood was diluted 1: 10 in ice-cold buffer (pH 3.6) containing 0.1 M ammonium acetate, 0.5 M NaCl and enzyme inhibitors (diprotin A, E-64-d, antipain, leupeptin, chymostatin, 1 g/ml; Peptides International, Louisville, Ky., USA), then centrifuged at 3,000 rpm for 10 min at 4 ° C, and supernatants were collected. Sep-Pak C18 cartridges (360 mg, 55-105 m; product No. WAT051910; Waters Corporation, Milford, Mass., USA) were charged with 100% acetonitrile, equilibrated with 0.1% trifluoroacetate (TFA) and loaded with the supernatant. Thereafter, they were washed with 0.1% TFA and eluted with 70% acetonitrile containing 0.1% TFA. Eluted samples were dried by vacuum centrifugation and stored at -80 ° C until RIA CRH determination. In parallel, for comparison, a second set of EDTA-containing blood samples was centrifuged at 3,000 g for 10 min at 4 ° C within 7 min, and the plasma supernatant transferred to other tubes kept at -80 ° C until CRH RIA. In a third set of EDTA-containing blood samples, plasma was formed and thereafter extracted with methanol, as previously described by Ellis et al. [23] and Linton et al. [24] . Briefly, plasma samples were mixed with 3 volumes of icecold methanol and incubated on ice for 10 min, then centrifuged at 3,000 rpm for 15 min at 4 ° C. Supernatants were transferred to different tubes, and the remaining pellets washed with another volume of ice-cold methanol and centrifuged. The resulting supernatant was combined with the first one and dried by vacuum centrifugation. Dried samples were stored at -80 ° C until CRH RIA.
Tissue Processing. The colon, harvested as detailed in the experimental protocol, was rinsed with ice-cold saline and after opening, separated in proximal (3 cm in length, starting at 1 cm distal to the cecum) and distal (3 cm in length, starting at 2 cm proximal to the anus) segments [4] . Pieces were weighed and whole tissue protein extracted as described previously [27] . Briefly, freshly dissected bowel segments were boiled in a water bath for 1 min, frozen at -20 ° C and homogenized in a 10-fold volume of 2% TFA. Thereafter, homogenized samples were centrifuged at 3,000 g for 10 min at 4 ° C, and the supernatant was collected and chromatographed in a step-wise fashion on Sep-Pak C18 cartridges (360 mg, 55-105 m; product No. WAT051910; Waters Corporation). Eluted samples were dried by vacuum centrifugation, stored at -80 ° C and reconstituted in a volume of RIA buffer (1 l/1 mg, according to the original tissue mass) immediately before CRH RIA.
RIA for CRH and ACTH CRH Radioimmunoassay. Immediately before the RIA, the lyophilized samples obtained by the RAPID method or from plasma that underwent methanol extraction were reconstituted in RIA buffer in the original volume of plasma according to the manufacturer's instructions. Nonextracted plasma samples were thawed. CRH in plasma and colon was determined by a commercially available RIA kit (catalogue No. RK-019-06; Phoenix Pharmaceuticals, Burlingame, Calif., USA), and each sample was assayed in duplicate (sample volume: 100 l) in 3 batches. Interassay and intraassay variability were 14 and 2%, respectively. The detection range of the assay was 10-1,280 pg/ml, and the CRH antibody used recognizes human, rat, mouse, canine and feline CRH and does not cross-react with other known peptides including urocortin-1 (technical information from Phoenix Pharmaceuticals).
ACTH Radioimmunoassay. Plasma ACTH levels were determined in trunk blood that was processed according to the manufacturer's suggestion. Briefly, EDTA-and aprotinin-containing (0.6 trypsin inhibitory units per milliliter of blood) blood was centrifuged, and the plasma acidified with an equal amount of buffer A (RK-BA-1; Phoenix Pharmaceuticals) and extracted on Sep-Pak C18 cartridges (360 mg, 55-105 m; product No. WAT051910; Waters Corporation). The eluate was dried by vacuum centrifugation and stored at -80 ° C until the assay. Immediately prior to the ACTH RIA, samples were reconstituted in RIA buffer in a volume according to the original plasma volume. ACTH was measured by a commercially available RIA kit (catalogue No. RK-001-21; Phoenix Pharmaceuticals) in duplicate (sample volume: 100 l) in 1 batch. The intraassay variability was ! 5%. The detection range of the assay was 10-1,280 pg/ml, and the ACTH antibody used recognizes rat and mouse ACTH and does not cross-react with other known peptides (technical information from Phoenix Pharmaceuticals).
CRH Peptide Recovery from RAPID Blood Processing or Plasma with or without Methanol Extraction
To compare the recovery of CRH peptide in blood, exogenous 125 I-CRH (4,000-6,000 cpm in 50 l of 0.1% acetic acid, Phoenix Pharmaceuticals) was added to 1-ml aliquots of blood collected in EDTA-rinsed syringes and obtained by cardiac puncture from naïve rats anesthetized with sodium pentobarbital (70 mg/kg, intraperitoneally; Nembutal; Abbott Laboratories). Thereafter, the blood was processed separately to compare recovery between samples which were either (1) diluted 1: 10 in RAPID buffer and centrifuged, 1 ml of the supernatant being counted for radioactivity, or (2) centrifuged, plasma being extracted with ice-cold methanol and the extracts counted for radioactivity, or (3) centrifuged only, the plasma being counted for radioactivity. All samples were centrifuged at 3,000 g for 10 min at 4 ° C.
Basal Circulating CRH Levels Assessed after RAPID Blood Processing or Plasma Formation with or without Methanol Extraction in Naïve Rats
Naïve rats fed ad libitum (n = 5) were decapitated between 9.00 and 9.30 a.m., and trunk blood was collected in EDTA-containing ice-cold borosilicate glass tubes. Thereafter, 1 ml each was processed in parallel, either according to the RAPID method or to obtain the plasma that was processed or not with methanol extraction, as detailed above and previously [19, 23, 24] . Plasma CRH levels were determined using the RIA kit described above.
Plasma CRH and ACTH and Colonic CRH Levels in Response to Intraperitoneal Injection of LPS
Rats housed 2 per cage were injected intraperitoneally (300 l) with either LPS (100 g/kg body weight; Escherichia coli, serotype 055:B5; Sigma, St. Louis, Mo., USA) or vehicle (pyrogen-free saline) between 9.00 and 10.00 a.m. Animals had access to food and water ad libitum and remained housed 2 per cage throughout the experiment. Trunk blood was obtained from rats euthanized by decapitation at 3, 4 and 6 h after injection in different groups of rats (n = 5-7 per group and each time point) and processed using the RAPID method. Plasma CRH was determined by the RIA kit at 3, 4 and 6 h after LPS injection. As LPS at such dose and route of administration is known to delay gastric emptying in rats [28] , the stomachs were also harvested and the contents weighed at 3, 4 and 6 h to evaluate the effectiveness of LPS injection, and the values are expressed as grams per kilogram body weight. Based on the data obtained for CRH levels in blood, in a subsequent study, the whole colon was quickly removed from rats euthanized by decapitation at 6 h after injection of LPS (100 g/kg, i.p.) or vehicle, and tissue processed as described above to assess tissue CRH concentrations by RIA. Lastly, we assessed whether changes in plasma levels of CRH would translate into stimulation of ACTH release. Trunk blood was obtained from rats euthanized by decapitation at 3, 6 and 6.5 h after intraperitoneal LPS (100 g/kg body weight) or vehicle injection (n = 5 per group and each time point). Plasma ACTH was measured by RIA according to the manufacturer's instructions. The 6.5-hour time point for ACTH measurement was chosen based on the plasma CRH results and previous studies where ACTH peaked within 5-60 min following a CRH stimulus [29, 30] .
Statistical Analysis
Data are expressed as means 8 SEM, and they were analyzed by one-way analysis of variance (ANOVA) followed by the Tukey post hoc test, or by two-way ANOVA followed by the Holm-Šidák method. Differences between groups were considered significant at p ! 0.05.
Results
Recovery of Exogenous Radiolabeled CRH Added to Rat Blood
The RAPID method for blood processing significantly improved the in vitro recovery of 125 I-CRH (4,000-5,000 cpm in 50 l of 0.1% acetic acid) added to 1 ml rat blood compared to plasma formation without or with methanol extraction (90.8 8 2.0, 66.9 8 2.6 and 47.5 8 2.0%, respectively; p ! 0.001, RAPID vs. standard and methanol extraction; p ! 0.001 standard vs. methanol extraction; n = 8) ( fig. 1 a) .
CRH Levels in Blood Processed by RAPID Method versus Plasma Formation Only, Subjected or Not to Methanol Extraction
Trunk blood collected from naïve rats and processed by the RAPID method yields basal plasma CRH levels of 28.9 8 2.8 pg/ml (n = 10) ( fig. 1 b) . However, when the same EDTA-containing blood samples were only cen trifuged to obtain plasma that was subjected or not to methanol extraction, CRH plasma levels were below the detectable threshold (not detectable, n.d., ! 10 pg/ml) ( fig. 1 b) .
Gastric Contents after LPS Injection
We assessed stomach content as an internal control for the effectiveness of LPS injected intraperitoneally at 100 g/kg. The vehicle-injected groups had a steady emptying rate of their gastric content throughout the 6-hour experimental period, resulting in a significantly lower gastric content at 6 h compared to 3 h after vehicle injection (p ! 0.05) ( fig. 2 ) . By contrast, in the LPS-injected groups, gastric content remained significantly increased, with similar values at 3, 4 and 6 h after injection, result- Plasma CRH levels after different blood processing methods: plasma formation, plasma methanol extraction or the RAPID method. Blood was withdrawn from nontreated rats fed ad libitum, and processed according to the 3 methods. Plasma CRH levels were measured by RIA. The RAPID method (dark grey bar) allows detection of plasma CRH levels, whereas CRH is not detectable (n.d.) after plasma formation or plasma methanol extraction. 
Plasma and Colonic CRH Levels after LPS Injection
In intraperitoneally vehicle-injected rats, CRH plasma levels were not significantly different throughout the 3-to 6-hour postinjection blood sampling period (3 h: 32.2 8 10.3 pg/ml; 4 h: 37.0 8 7.2 pg/ml; 6 h: 27.3 8 6.8 pg/ ml). Intraperitoneal injection of LPS (100 g/kg body weight) increased circulating CRH at 6 h after injection by 2.9 times compared to vehicle (80.0 8 24.0 vs. 27.3 8 6.9 pg/ml; p ! 0.05), whereas at 3 and 4 h, no significant differences could be detected (3 h: 27.5 8 6.1 pg/ml; 4 h: 47.8 8 9.4 pg/ml; p 1 0.05) ( fig. 3 a) compared to the respective vehicle groups. Two-way ANOVA showed a significant effect of treatment (F 1, 24 = 4.6; p ! 0.05) and treatment ! time (F 2, 24 = 3.4; p ! 0.05). In the colon, the mean CRH tissue levels in the proximal segment were 27.6 8 5.7% lower at 6 h after LPS injection compared to vehicle-treated rats (110.6 8 22.7 vs. 152.8 8 22.9 pg/mg; p 1 0.05) ( fig. 3 b) , although the difference did not reach statistical significance, and in the distal segment, values were not changed (139.2 8 22.0 vs. 152.5 8 19.5 pg/mg; p 1 0.05) ( fig. 3 b) .
Plasma ACTH Levels after LPS Injection
At 3, 6 and 6.5 h after intraperitoneal injection of vehicle, ACTH plasma levels remained unchanged (3 h: 94.8 8 9.9 pg/ml; 6 h: 95.2 8 5.0 pg/ml; 6.5 h: 101.4 8 6.0 pg/ ml). Plasma ACTH levels were significantly increased by 33% compared to vehicle (135.3 8 13.8 pg/ml vs. 101.4 8 6.0 pg/ml; p ! 0.05) ( fig. 4 ) at 6.5 h after LPS, while they were unchanged at 3 and 6 h after injection (113.0 8 10.3 pg/ml and 99.0 8 3.9 pg/ml) compared to the respective vehicle groups. Two-way ANOVA showed a significant effect of treatment (F 1, 23 = 7.3; p ! 0.05).
Discussion
The present study showed that in trunk blood processed by the RAPID method, basal plasma CRH levels were 28.9 8 2.8 pg/ml and remained in this range (27-37 pg/ml) at 3, 4 or 6 h after an intraperitoneal injection of saline in naïve rats thereafter maintained in their home cages. In addition, we showed that LPS at a low dose induced a rise in plasma CRH levels occurring at 6 h after injection that resulted in an elevation of plasma ACTH, while there were no changes at earlier time points.
Nunez et al. [31] obtained similar basal CRH plasma levels in 40-day-old Wistar rat pups (29.1 8 4.2 pg/ml) in Bars: means 8 SEM of the number of rats indicated at the bottom. a LPS injected intraperitoneally increases plasma CRH levels after 6 h. Rats were injected intraperitoneally with LPS (100 g/kg body weight) or vehicle (saline) and decapitated at the time points indicated at the x-axis. Trunk blood was collected and processed according to the RAPID method. * p ! 0.05 compared to vehicle. b Mean CRH tissue levels in the proximal colon show a trend towards a decrease at 6 h after LPS injection. Tissue of the proximal and distal colon was harvested at 6 h after LPS or vehicle injection, and total protein was extracted for RIA. ns = Not significant.
plasma after acidification and C18 column extraction using the same RIA kit. In earlier studies, low basal plasma levels of CRH ranging from 5 to 13 pg/ml were detected in rats [20, 32, 33] as monitored using CRH antibodies, tracers and RIA conditions developed within investigators' laboratories, leading to detection limits of approximately 5 pg/ml [20, 23, 33] . We previously reported that the use of the RAPID method for blood processing enables accurate measurement of circulating gut peptide concentrations, as assessed for acylated ghrelin, cholecystokinin-58, gastrin-releasing peptide and somatostatin-28, for instance [19] , and extended here to endogenous CRH. Indeed, when the trunk blood of naïve rats was processed directly to obtain plasma that was subjected or not to methanol extraction, CRH values were below the detection limit (10 pg/ml) of the commercial CRH RIA kit. Therefore, we determined the recovery of radiolabeled CRH from blood, and added 125 I-CRH directly to whole blood prior to processing, as previously performed for a variety of gastrointestinal peptides [19] . We recovered 91, 67 and 47% of 125 I-CRH added to blood processed either by the RAPID method or plasma formation alone followed or not by methanol extraction, respectively. Previously, when synthetic peptide was added to already formed plasma, either 55% [34] or 90% [32] CRH recovery was reported, while synthetic peptide added to methanol-extracted plasma from different species was recovered at 94-100% [24] . Thus, 125 I-CRH added directly to blood, and synthetic CRH added to plasma, can give different recoveries, leading to the assumption that the native form of CRH may not be identical to the 125 I-CRH in its recovery properties or that the CRH-binding protein may not bind 125 I-CRH as avidly as endogenous CRH in rats, as has been suggested before [14] . Thus, if the binding protein is pelleted during centrifugation, less loss of labeled peptide versus endogenous peptide could occur. It is to note that the reduced recovery of 125 I-CRH in the direct plasma formation or plasma methanol extraction method compared to the RAPID method does not fully account for the lack of endogenous plasma CRH detection, and there is no clear explanation for this discrepancy. However, irrespective of whether such a difference may be related to the reduction in peptide degradation by diluting samples and using enzyme inhibitors along with the elimination of the binding of CRH to its binding protein, achieved by acid treatment, the present data indicate that the RAPID blood processing allows the detection of basal circulating levels of CRH in rats with a commercial RIA kit presently predominantly used to detect CRH release in cell cultures or hypothalamic tissue extracts [35] [36] [37] . It is to note that the CRH antibody was raised against the full-length synthetic 41-aa CRH peptide that is conserved in humans and rats and recognizes full-length 41-aa CRH (technical note of the company). Nonetheless, it cannot be excluded that the CRH immunoreactivity measured in the plasma by us and others [31, 38] with this CRH antibody originates from CRH precursor or degraded and/or processed pro-CRH to form endogenously circulating different CRH molecular forms, as it has been characterized for other circulating peptides such as cholecystokinin and peptide YY [39, 40] . Existing evidence indicates that the major form of CRH detected in human placenta under conditions of adequate protease inhibition is the unprocessed pro-CRH, unlike the mature CRH [41] . However, in the blood, the mature 41-aa CRH was the major molecular form detected in pregnant women [41] . In a follow-up study, HPLC characterization of circulating CRH will give new insight whether different molecular forms of CRH exist in rat blood.
We next used the RAPID blood processing method to assess whether stress in form of an acute immune challenge alters circulating levels of CRH. LPS at a low dose of 100 g/kg injected intraperitoneally is well established to delay gastric transit of nutrients and reduce food intake as part of the functional responses to this immune stressor [28] . We previously reported that LPS injected intra- peritoneally at a similar dose inhibited gastric emptying of a nonnutrient viscous solution by 87%, as monitored during the 20-min period at 5 h after injection in overnight-fasted rats [28] . We extended these findings by showing that gastric contents of freely fed rats remained significantly increased by 2 and 5 times at 3 and 6 h after LPS injection, respectively, compared to the vehicle group, which had a linear time-related decrease in gastric contents over the 6-hour period. The significant difference between values of stomach content at 6 versus 3 h after vehicle injection reflects the physiological time course of gastric emptying in control rats fed ad libitum in response to nocturnal feeding followed by a low drive to eat during the light phase [42] .
Under these conditions of stress-related functional changes in upper gut transit induced by intraperitoneal LPS [43] , plasma CRH levels were increased by 2.9 times compared to vehicle at 6 h after injection, whereas at earlier time points, no significant differences could be detected. Although the origin of circulating CRH occurring at 6 h after intraperitoneal LPS injection cannot be ascertained from the present study, previous and present evidence points towards a possible more prominent contribution of the gut and/or immune cells rather than of the hypothalamus. First, the time course of plasma CRH response to LPS and the reported activation of the HPA are not synchronized. The activation of ACTH and corticosterone release following LPS at a similar dose as used in the present study displayed a rapid onset that peaked within 1-2 h after injection [44] [45] [46] , at a time when we observed no change in plasma levels of CRH. Secondly, the rise in plasma CRH levels observed at 6 h after LPS injection is temporarily correlated with a 2.5-fold upregulation of CRH mRNA levels in the proximal colon 6 h after injection of LPS under the same conditions in rats [4] . At the cellular level, CRH immunoreactivity was localized in epithelial enterochromaffin and lamina propria cells, and CRH immunoreactivity increased in myenteric neurons 6 h after LPS injection [4] . In the present study, the CRH levels in the proximal and distal colon were not significantly different in the LPS and vehicle groups, although the values were 28% lower in the proximal colon 6 h after LPS. Other studies showed that neonatal maternal separation stress increased prepro-CRH in distal colonic mucosal lamina propria and crypts in adult rats, as assessed by immunohistochemical labeling, while distal colonic CRH measured by ELISA was unchanged [47] . In addition, intestinal immune cells including eosinophils, macrophages and T cells expressed CRH and could respond to stress by releasing the peptide [8] .
The coupling of increased CRH synthesis and release after LPS may explain the nonsignificant decrease observed in the colon and rise in plasma levels at the same time point. Although these data suggest that the activation of the intestinal CRH signaling system following immune challenge stress may represent a peripheral source of circulating CRH under these conditions, it cannot be ruled out that CRH could also be derived from nonintestinal immune cells where CRH was found, including the thymus, spleen and circulating immune cells [6, 10, 48, 49] . Furthermore, CRH gene expression was reported to be higher in blood cells of infected cattle compared with noninfected [50] , and LPS increased the secretion of CRH from B and T lymphocytes [10] , and other T-cell-activating agents had similar enhancing effects on CRH mRNA levels in T lymphocytes in humans [51] . These data support the hypothesis that upon activation by LPS, immune cells could release CRH into the circulation and thus may represent another source of CRH.
The mechanisms underlying the delayed-onset rise of plasma CRH may involve time required for upregulation of CRH gene expression by cytokines acting downstream of LPS action consistent with an immune origin of circulating CRH [52] . The Toll-like receptor 4 is the principal mediator of the macrophage response to LPS [53] , and an interaction between CRH and LPS has recently been suggested as CRH augments LPS-induced proinflammatory cytokine production mediated via the corticotropin-releasing factor 2 receptor in mouse macrophages, further increasing their sensitivity to LPS [54] . Thus, is can be speculated that the delayed LPS-induced rise in circulating CRH is linked with the late macrophage response to an immune challenge via the Toll-like receptor 4.
The present study also showed that the rise in circulating levels of CRH at 6 h after LPS injection was associated with a significant elevation in plasma ACTH levels measured 30 min later. Such a response is consistent with the temporal relation between ACTH release and exogenous elevation of circulating levels of CRH [55] . By contrast, at 3 and 6 h after LPS injection, plasma ACTH plasma levels were similar to those in the vehicle groups. These findings indicate that circulating CRH may act on the pituitary to induce a second rise in plasma ACTH in addition to the initial ACTH elevation. Indeed, activation of the HPA induced by intraperitoneal injection of LPS has been well established to occur within the first hour and to decay thereafter [29, 44, 45] . However, it cannot be ruled out that CRH acts directly on leukocytes, which in turn release ACTH into the circulation [56] . Taken together, these data lend support to earlier observations that several hours af-ter injection, LPS was able to activate the pituitary-adrenal system in the absence of hypophysiotropic neuropeptides of paraventricular hypothalamic origin [57] .
In summary, we demonstrated that the RAPID method of blood processing improved the recovery of 125 I-CRH and allowed the detection of CRH plasma levels under basal conditions in naïve rats, using CRH RIA kits. This contrasts with CRH levels below detection limits when plasma was directly formed and subjected or not to methanol extraction. In addition, we showed that peripheral injection of LPS at a dose of 100 g/kg, altering gastric propulsive motor function, induced a 2.9-fold elevation of CRH plasma levels occurring at 6 h after injection, while levels were unchanged at earlier time points. The delayed rise in circulating CRH results in an elevation of plasma ACTH levels occurring 30 min later. The colon, which in addition to the brain is a target site for LPS-induced upregulation of CRH gene expression, at 6 h after injection of LPS at a similar dose [4] showed a trend towards reduced tissue levels (present study), and may therefore contribute to the pool of circulating CRH, although other peripheral sources of immune origin may also contribute.
